A n altered lower extremity movement pattern has been previously implicated in the pathogenesis of patellofemoral pain (PFP). 7, 30, 42, 44 It has been suggested that altered hip, knee, foot, and ankle kinematics combine to result in excessive medial collapse of the lower extremity during various functional activities. 36 This movement pattern, which is also termed dynamic knee valgus, is hypothesized to shift the line of pull of the quadriceps laterally, which may result in higher patellofemoral joint contact pressure, possibly leading to pain. 36 An understanding of the physical characteristics associated with excessive dynamic knee valgus could therefore help guide preventive as well as rehabilitative efforts.
Much of the literature related to lower extremity movement pattern is based on 3-D motion analysis. 5, 7, 9, 14, 28, 30, 42 Although this type of analysis is very accurate and sensitive to subtle movement deviations, its clinical application may be limited. For example, diminished hip abductor and external rotator muscle strength has been previously associated with 4° greater hip adduction and 2.9° greater contralateral pelvic drop during a 1-legged mini-squat, when assessed by 3-D motion analysis. 30 However, it is questionable whether a clinician can visually detect these subtle kinematic differences. Reliable and valid clinical tools for assessing quality of movement are therefore needed to overcome this limitation. One such tool is the lateral step-down (LSD) test, which can T T BACKGROUND: An altered movement pattern has been implicated as a risk factor for PFP. An understanding of physical measures associated with an altered movement pattern could potentially help guide prevention and management efforts in patients with PFP. T T METHODS: Seventy-nine (40 women) Israel Defense Forces soldiers referred to physical therapy with a diagnosis of PFP were included. Movement pattern was assessed visually during a lateral step-down test and rated as "good" or "moderate," based on previously established criteria. Weightbearing and non-weight-bearing ankle dorsiflexion (DF) range of motion (ROM); hip internal and external rotation ROM; and hip abduction, hip external rotation, and knee extension strength were also assessed. Differences in physical measures between those with good versus moderate quality of movement were assessed. T T RESULTS: Weight-bearing DF ROM was more limited among participants with a moderate quality of movement compared to those with a good quality of movement (P<.01). Among men, non-weight-bearing DF ROM was more limited in those with a moderate quality of movement as well (P<.01). In addition, quality of movement was associated with weight-bearing DF ROM for both women (r = -0.39, P = .01) and men (r = -0.46, P<.01), and with non-weight-bearing DF ROM for men (r = -0.66, P<.01). When the subgroup of participants who exhibited more than 25° of nonweight-bearing DF ROM was assessed, those with a good quality of movement displayed greater hip external rotator and knee extensor muscle strength compared with those with a moderate quality of movement (P<.01). [ research report ] be used to rate the quality of movement based on the alignment of the trunk, pelvis, and knee. 34, 38 The LSD test has previously demonstrated moderate interrater reliability (0.59-0.67), 34, 38 which makes it suitable for clinical practice.
It is often assumed that weakness of the hip abductors and external rotators leads to greater hip adduction and internal rotation, which are components of excessive dynamic knee valgus during a functional task. 36 Although individuals with PFP have repeatedly demonstrated hip muscle weakness 5, 9, 19, 30, 35, 37, 40, 42 and interventions to increase hip muscle strength have resulted in improved clinical outcomes in patients with PFP, 10, 15, 23 the association between hip muscle strength and movement pattern seems much less clear. 2, 3, 5, 6, 9, 31, 33, 38, 41, 42 Furthermore, the ability to immediately modify movement pattern does not seem to be associated with hip muscle strength, 28 and interventions targeting hip muscle strength have not consistently resulted in improved movement pattern. 12, 16, 45 Additional investigation into the nature of the association between hip muscle strength and lower extremity movement pattern is warranted.
Another possible contributor to excessive dynamic knee valgus is limited ankle dorsiflexion (DF) range of motion (ROM). Under weight-bearing (WB) conditions, decreased DF ROM will limit the forward progression of the tibia over the talus. This may result in compensatory subtalar pronation, which, in turn, may displace the knee medially. 22 Previous studies suggest that limited ankle DF may be associated with a greater medial displacement of the knee during various functional activities 2, 20, 27, 39, 40, 42 ; however, this association has not been confirmed in individuals with PFP.
Diminished quadriceps strength has also been previously linked to excessive dynamic knee valgus in healthy individuals. 8 As the quadriceps eccentrically controls knee flexion under WB conditions, weakness may limit the willingness to bend the knee during various functional activities. This limited knee flexion may subsequently cause compensatory frontal and/or axial plane knee or hip motion, thereby altering patellofemoral kinematics. Both diminished quadriceps strength as well as decreased knee flexion during jump landing have been implicated as risk factors for developing PFP. 7, 25, 32 Finally, limited hip external rotation ROM has also been associated with the amount of dynamic knee valgus among healthy females, 41 presumably because of a tendency to maintain the hip in a more internally rotated position.
To our knowledge, the association of these previously mentioned physical measures with the quality of lower extremity movement during a functional task, as assessed by visual observation in patients with PFP, has not previously been examined. Therefore, our purpose was to examine whether differences in ROM and strength measures exist between patients with PFP who exhibit differing quality of lower extremity movement based on visual observation during an LSD. Separate analyses were performed for men and women based on previous literature indicating differences in both the magnitude and the timing of lower extremity movements in men and women. 21, 27, 30 METHODS Participants M ale and female soldiers of the Israel Defense Forces, referred for physical therapy in 1 of the Israel Defense Forces outpatient clinics with a diagnosis of unilateral or bilateral PFP, were recruited for this study. Recruitment took place from February 2013 to January 2014. Potential participants were included if they were 18 years or older, had nontraumatic peripatellar or retropatellar pain for a duration of at least 4 weeks, and reported aggravation or reproduction of their symptoms with 3 or more of the following: (1) prolonged sitting, squatting, kneeling, or running;
(2) palpation of the medial/lateral patel-lar facets; (3) compression of the patella into the trochlear groove, either with or without quadriceps contraction; and (4) resisted knee extension at 60° of flexion. Potential participants were excluded if they sustained a traumatic injury to the knee; had knee instability; had a history of femur, tibia, or patellar fracture; had a previous knee surgery; had their symptoms reproduced primarily with palpation of the inferior patellar pole; or presented with a positive patellar apprehension sign or McMurray, Lachman, valgus, varus, or posterior drawer test. Prior to participation, all procedures were explained to each potential participant, and informed consent was obtained as approved by the Institutional Review Board of the Israel Defense Forces. The rights of participants were protected throughout the study.
Examiners
Two examiners performed data collection for this investigation, one with 15 years of clinical experience in physical therapy management of musculoskeletal conditions (A.R.) and the other with more than 28 years of teaching and clinical experience in the field of kinesiology and neurological rehabilitation (Z.K.). Prior to data collection, the 2 examiners met for a 4-hour session to review and operationally define each of the procedures of the study. Following this session, pilot testing was performed on 9 individuals and final modifications to all testing procedures were made.
Procedures
Following informed consent, participants in the study completed a questionnaire for demographic information, an 11-point (0-10) numeric pain rating scale, 11 and the Lower Extremity Functional Scale (0-80). 4 This was followed by a physical examination that included the LSD test and measurements of ankle DF ROM in WB and non-weight bearing (NWB); hip internal and external rotation ROM; and hip abductor, hip external rotator, and knee extensor strength. All tests were performed on the more affected side of patients with bilateral symptoms. If the participant could not determine which side was the more affected, the side tested was based on a coin toss. The order of tests was set so that the LSD test was performed first to eliminate any potential tissue preconditioning or muscle fatigue resulting from the ROM or strength tests. Weight-bearing ankle DF ROM was measured next, followed by NWB ankle DF ROM; hip internal and external rotation ROM; and hip abductor, hip external rotator, and knee extensor strength. The order of the ROM and strength tests was standardized to minimize positional changes to eliminate potential discomfort and to complete the tests in a timely manner. A typical testing session for a single participant took less than 1 hour.
Reliability
The interrater reliability of all ROM and strength tests was previously reported as good to excellent (intraclass correlation coefficient [ICC] = 0.82-0.95). 38 The interrater reliability of the LSD test has been previously reported as moderate (κ = 0.59-0.67) 34, 38 and was therefore assessed again in this study. Both examiners simultaneously scored the LSD of all participants. Each examiner scored the test independently, and no discussion was allowed during the test or until the participant underwent all other measurements. For data analysis, the LSD scores of only 1 examiner (Z.K.) were used. All ROM and strength measurements were performed by the other examiner (A.R.).
Measures

LSD Test
The LSD test was performed using a 15-cm step, which requires most people to bend the knee approximately 60° to complete the test. Nevertheless, before performing the test, participants were asked to reach down and touch their nontested heel to the floor while the knee flexion angle of the tested leg was measured with a universal goniometer. This angle was later used to rule out a possible effect of step height on the LSD score. During the test, participants were asked to stand with their foot close to the edge of the step and place their second toe over a white piece of tape, while their uninvolved leg was off the side of the step. Participants were asked to keep both hands on their waist and bend their knee until the heel of their uninvolved leg lightly touched the floor, then to immediately return to the starting position. No other instructions were given prior to performing the test. Following the verbal explanation, participants were allowed 5 practice repetitions. The test itself consisted of 6 repetitions; however, only the last 5 repetitions were assessed by the examiners. Immediately following the test, participants were asked to verbally rate any knee pain experienced during the test on an 11-point (0-10) numeric pain scale.
The 2 examiners, positioned 3 m in front of the participant during the test, scored the test based on a 7-point (0-6) scale, as described in TABLE 1. 34 If any of the movement deviations outlined in TABLE 1 were identified during any of the test repetitions, the participant was considered to have demonstrated a deviation and the corresponding score was assigned. To assist with the scoring of the knee criterion, a 50-cm-high, 3-mm-thick pole was placed 20 cm in front of the step, in line with the second toe of the participant. This pole served as a visual reference to help assess the position of the tibial tuberosity during the test. The tibial tuberosity was also marked with a 1-cm red sticker prior to performing the test to further assist with its visualization. The knee criterion was scored positive when the entire red sticker crossed from the lateral to the medial aspect of the pole during the test.
Originally, the quality of movement during the LSD test was assigned 1 of 3 levels: good (score, 0-1), moderate (score, 2-3), or poor (score, 4-6). 34 However, as previous research indicated that very few participants are assigned a poor score, 38, 39 it was decided a priori to score the test dichotomously as either good (score, 0-1) (FIGURE 1, ONLINE VIDEO) or moderate (score, 2 or greater) (FIGURE 2, ONLINE VIDEO). [ research report ] WB Ankle DF The measurement was performed with a fluid-filled inclinometer in 1° increments (MIE Medical Research Ltd, Leeds, UK). 38 A 50-cm line was drawn on the floor and a continuous 60-cm line was drawn on a wall where the test was performed. A 1-cm red sticker was placed on the anterior aspect of the tibia of each participant, 15 cm distal to the tibial tuberosity. Participants placed the tested foot along the floor line so that the line bisected the heel and the second toe was on the line. Participants were then asked to lunge forward and bring their patella as close as possible to the vertical line drawn on the wall, without lifting the heel off the floor (FIGURE 3). Once maximal DF was reached, the examiner placed the inclinometer, which was first zeroed on a fixed vertical reference, over the marked location on the anterior tibia of the participant. The DF angle was recorded and the participant returned to the starting position. The procedure was repeated 3 times and the average value was calculated. NWB Ankle DF The measurement was performed with a universal goniometer in 1° increments. 38 The participant assumed a prone position with the knee flexed 90°. The examiner manually verified a subtalar neutral position and placed the ankle in full DF (FIGURE 4 ). Dorsiflexion was measured as the angle between the lateral midline of the lower leg and the rear foot. The average of 3 measurements was used.
Hip Internal and External Rotation
ROM Hip internal and external rotation ROM was measured with the use of a fluid-filled inclinometer, consistent with the procedures described by Van Dillen et al. 43 The participant was positioned prone with the pelvis stabilized to the table by a belt. The nontested hip was abducted about 30° to allow unobstructed hip motion on the tested side. The knee on the tested side was flexed to 90°. The starting position for measuring hip rotation was determined by positioning the tibial plateau of the tested limb parallel to the support surface. The inclinometer was first zeroed on the lateral surface of the tibia, just proximal to the lateral malleolus. The participant's hip was moved into internal rotation until no further movement was possible, and the range was measured. The average of 3 measurements was recorded. The same procedure was repeated for hip external rotation ROM. Hip Abductor Strength Abductor muscle strength was measured with a handheld dynamometer, as previously described. 19 The participant assumed a sidelying position on the nontested side, with the lower leg slightly bent at the hip and knee. The tested hip was positioned in approximately 10° of abduction using 2 to 3 pillows between the lower extremities. A strap placed just proximal to the iliac crest and secured firmly around the underside of the table was used to stabilize the participant's trunk. The dynamometer was secured to the lateral aspect of the thigh, just proximal to the lateral femoral epicondyle, by another belt wrapped around the underside of the table. The participant was asked to abduct the hip as hard as possible against the dynamometer. After 1 practice repetition, the participant performed three 5-second test repetitions, with a 30-second rest between each repetition. To calculate torque, the distance from the greater trochanter to the lateral femoral epicondyle was measured and served as the external moment arm, expressed in meters. The average of the 3 test repetitions, expressed in Newtons, was multiplied by the moment arm to determine the hip abductor torque (Nm). The hip abductor torque was normalized to the participant's body mass, expressed in kilograms. Hip External Rotator Strength Hip external rotator muscle strength was measured with a handheld dynamometer in a seated position, as previously described. 19 The participant was seated on a Biodex isokinetic dynamometer (Biodex System 3 Pro; Biodex Medical Systems, Inc, Shirley, NY) with the thigh secured to the seat by the thigh strap. The knee was bent 90° off the edge of the seat, and the dynamometer was secured to the participant's leg, just proximal to the medial malleolus, with a belt wrapped around the frame of the isokinetic dynamometer. The participant was asked to sit upright, cross both arms around his or her chest, and externally rotate the thigh as hard as possible against the resistance provided by the dynamometer. One practice repetition was followed by three 5-second test repetitions, with a 30-second rest between each repetition. To calculate torque, the distance from the medial tibiofemoral joint line to the tip of the medial malleolus was measured and served as the external moment arm. The hip external rotator torque normalized to the participant's body mass was calculated, as described for hip abductor torque. Isometric Knee Extensor Strength A maximum voluntary isometric torque test was used to determine knee extensor strength. 13 Participants were seated on the Biodex isokinetic dynamometer. The lateral epicondyle of the tested knee was aligned with the axis of the dynamometer, the force arm was secured to the lower leg just above the malleoli, and the knee was placed at 60° of flexion. A thigh strap, waist strap, and 2 chest straps were then used to stabilize the participant in the dynamometer chair. The participants were then given a series of practice trials (2 repetitions at 20%, 40%, 60%, 80%, and 100% of their perceived maximal strength) to familiarize themselves with the testing procedure and to serve as a warm-up before testing. During testing, participants were asked to exert as much force as possible while extending the knee against the fixed force arm of the dynamometer. Five 5-second contractions were performed with a 30-second rest between each. Participants received standardized verbal encouragement throughout testing but were not supplied with visual feedback of their performance.
For the purpose of this study, values were expressed as the average peak torque of the 5 test repetitions in Newton meters (Nm), normalized to body mass (kg), and multiplied by 100 [(Nm/kg) × 100] to create a percentage.
Sample Size
Sample size was calculated separately for female and male participants, based on data for WB and NWB ankle DF ROM from a previous study. 38 Based on a within-group standard deviation of 5.2° among women and 3.7° among men, and an expected between-group difference of 5°, 38 women and 34 men were required, considering a P value of .05 and power of 80%.
Statistical Analysis
Descriptive statistics were used to summarize the data, with measures of central tendency and dispersion for continuous variables and frequency counts for categorical variables. Distribution curves were assessed for normality by Kolmogorov-Smirnov tests. Kappa coefficient and percent agreement were used to determine the interrater reliability of the LSD test. Two separate analyses were performed for the primary purpose of the study. Separate 2-way analyses of variance with sex (women, men) and LSD score (good, moderate) were used to determine differences in demographic, selfreported, or physical measure variables. The sex-by-LSD interaction was analyzed and, if present, pairwise comparisons were performed to assess for differences between participants with a good LSD score and those with a moderate LSD score for each sex. A Bonferroni-adjusted P value of .025 was used for these 2 comparisons. Main effects of sex and LSD were reported in the absence of a significant interaction.
The correlation between the raw score of the LSD test and all physical measures was assessed separately for men and women using the Spearman rank correlation coefficient (r). All analyses were performed with SPSS Version 20 (SPSS Inc, Chicago, IL), with an a priori level of significance of P≤.05.
RESULTS
S
eventy-nine (40 women) participants were recruited, among whom 46 had bilateral involvement. Thirty participants performed the LSD test with a good quality of movement, whereas 49 participants displayed a moderate quality of movement. No interaction or main effects for sex or quality of movement were noted for the knee angle required to perform the LSD test. The frequency of each of the movement deviations displayed by the participants during the LSD test is presented in TABLE 2. Percent agreement and kappa coefficient (95% confidence interval) for the interrater reliability of the LSD test were 91% and 0.81 (0.68, 0.94), respectively, indicating an excellent level of agreement. TABLE 3 presents demographic and self-reported variables for all groups and subgroups. No interaction or main effects were noted for body mass index, duration of symptoms, regular performance of physical activity, or pain level during the performance of the LSD test. A main effect of sex was noted for age (men older than women, P = .01), numeric pain rating scale (greater pain level among women, P = .01), and the Lower Extremity Functional Scale (greater self-reported functional level among men, P<.01). In addition, a main effect of LSD was noted for the numeric pain rating scale, with [ research report ] participants with a moderate score reporting a greater pain level (P = .05). TABLE 4 presents the values of all physical measures among all groups and subgroups. A sex-by-LSD interaction was noted for NWB DF ROM (P = .01). Men with a moderate quality of movement exhibited less NWB DF compared to those with a good quality of movement (P<.01); however, no such difference was noted among women (P = .13). A main effect for LSD was found for WB DF ROM, such that both women and men with a moderate quality of movement displayed less WB DF ROM compared to those with a good quality of movement (P<.01).
A sex-by-LSD interaction was also noted for hip internal rotation ROM (P = .02). Women with a moderate quality of movement displayed less hip internal rotation ROM compared with women with a good quality of movement (P = .02), whereas no such difference was detected among men (P = .29). No interactions were noted for any of the strength measures; however, as expected, a main effect for sex was noted for all strength measures, with men displaying greater strength values compared with women (P<.01).
A negative correlation was found between the raw score of the LSD test and WB ankle DF ROM for both sexes (women: r = -0.39, P = .01; men: r = -0.46, P<.01), as well as between the raw score of the LSD test and NWB ankle DF ROM for men (r = -0.66, P<.01). The nature of these correlations indicates that lower scores on the LSD test (expressing a better quality of movement) were associated with greater ankle DF ROM (TABLE 5). The correlations between the raw score of the LSD test and hip rotation ROM, hip rotation muscle strength, and knee extensor strength were not significant for either sex.
DISCUSSION
A s the most readily available clinical method of assessing quality of movement is visual observation, it is imperative to recognize factors associated with the findings of such an assessment. Our study indicates that among participants with PFP, a visually observed faulty lower extremity movement pattern during an LSD maneuver is associated with limited WB ankle DF ROM. Our findings are in agreement with previous studies demonstrating the same association for healthy populations during various functional activities. 2, 26, 38, 41 Our findings imply that when individuals with PFP exhibit a faulty movement pattern, ankle DF ROM should be assessed. Whether interventions to increase ankle DF ROM will result in an improved movement pattern is unknown; however, some evidence already exists to suggest that improved ankle DF ROM may be associated with improved dynamic balance in individuals with chronic ankle instability. 17 Limited ankle DF ROM has been previously implicated as a risk factor for various sport-related injuries, including PFP. 22, 35, 46 Evidence also exists to suggest that altered movement pattern may play a role in the pathogenesis of the same pathologies. 7, 24, 29, 30 Our findings suggest that these 2 impairments may be related, and, although no cause-andeffect relationship can be established, it is reasonable to assume that a more limited ankle DF ROM would adversely affect movement pattern. During the LSD, the joints of the stance leg are required to flex to bring the contralateral foot to the floor. A limitation in flexion ROM in any of these joints (hip, knee, or ankle) may require compensation from other joints. One such compensation is contralateral pelvic drop, which will serve to lower the contralateral foot to the floor. Another possible compensation is excessive dynamic knee valgus, which will substitute the lack of sagittal motion of the extremity by greater frontal plane motion. 26 These 2 movement deviations were by far the most commonly seen during the LSD test in our sample (TABLE 2) .
Although WB DF was more limited for participants of both sexes who displayed a moderate quality of movement, NWB DF was limited only for men with a moderate quality of movement. This may be because the assessment of quality of movement was based on a composite of several items. Non-weight-bearing DF ROM might have been related to some of these items more than others. In fact, post hoc testing revealed that if quality of movement was determined solely by pelvic rating, it would have resulted in a main effect on NWB DF (P<.01), with participants of both sexes who demonstrated a positive pelvic rating presenting with a more limited NWB DF ROM (24.5° versus 29.9° among women, P = .02; and 21.9° versus 27.4° among men, P = .01). However, if quality of movement was determined solely by knee rating, a trend toward an interaction of sex by knee rating would have been found (P = .09). Though women with different knee ratings did not display differences in NWB DF ROM (25.1° versus 25.6°, P = .80), men with a positive knee rating exhibited less NWB DF ROM compared with men with a negative knee rating (21.9° versus 26.1°, P = .03). It may be that different factors are associated with knee alignment during the LSD test for both sexes. This could be a potentially insightful line of future study.
In addition to having greater ankle DF ROM, women with a better quality of movement also displayed greater hip internal rotation ROM. While this finding may seem counterintuitive, it is in agreement with previous findings among healthy female participants. 38 Although hip external rotation ROM was reciprocally more limited among women with a good quality of movement, this difference did not reach statistical significance. [ research report ] It does seem, however, that women with a better quality of movement on the LSD test displayed a shift in their total hip rotation ROM toward greater internal rotation and decreased external rotation. This could suggest a greater amount of hip anteversion in that group. 1 Why a greater amount of hip anteversion would be associated with better quality of movement on the LSD is not clear and warrants further investigation.
In contrast to previous studies, we did not find an association between the quality of movement pattern and hip muscle strength. 6, 9, 33, 42 There are several possible explanations for this. First, visual observation may not be sensitive enough to detect more subtle movement deviations that may be associated with hip muscle strength. This is supported by several studies in which visual observation failed to detect differences in hip muscle strength between participants with differing qualities of movement. 2, 18, 38 Second, given that this study was conducted in a military setting, it is possible that our participants were stronger compared with civilian populations with PFP, which could have lessened the effect of hip muscle strength on movement pattern. Comparison with previous studies using similar strength-testing techniques suggests that, though hip abductor strength may be lower than that found in some studies 9, 42 and higher than that found in others, 5, 9, 10 hip external rotator strength was consistently stronger in the present study's participants. 5, 9, 10 Third, it is possible that diminished activation, rather than strength, is more associated with the quality of movement. 18 Finally, movement pattern is likely determined by several factors. Therefore, hip muscle strength may be related to movement pattern in some cases, but not in others. For example, when ankle DF is limited, it may force compensatory hip and knee movement despite the presence of adequate hip muscle strength. On the other hand, when ankle DF is sufficient to obviate the need for any compensatory movements, lower extremity kinematics may become more associated with hip muscle strength.
To explore this possibility further, we used a median split to dichotomize NWB DF ROM into low (25° or less, n = 41) or high (greater than 25°, n = 38) and performed several post hoc 2-way analysis of variance models using DF ROM (low versus high) and LSD score (good versus moderate) as independent variables, with hip abductor, hip external rotator, and knee extensor strength as dependent variables. These analyses included men and women together, as separate analyses would have likely resulted in too few participants in each group to detect interactions. An interaction for DF ROM by LSD was found for hip external rotator strength (P = .01) (FIGURE 5), indicating that among participants with relatively more DF ROM, hip external rotator strength was greater among those with a good quality of movement compared to those with a moderate quality of movement (mean  SD torque, 0.80  0.24 versus 0.62  0.18 Nm/kg; P<.01). A significant interaction (P<.01) was also found for knee extensor strength (FIGURE 6), indicating that among participants with relatively more DF ROM, mean  SD knee extensor strength was greater among those with a good quality of movement compared to those with a moderate quality of movement (mean  SD torque, 240.2  57.2 versus 204.8  62.0 Nm/ kg × 100; P = .05). While hip abductor strength was also greater among participants with relatively high DF ROM and a good versus a moderate quality of movement, this difference did not reach statistical significance (mean  SD torque, 1.53  0.42 versus 1.26  0.33 Nm/kg; P = .11).
When repeating the correlation analysis separately among participants with low and participants with high NWB DF ROM, a significant negative correlation was found between the raw score of the LSD test and hip external rotator strength only among participants with high DF ROM (r = -0.40, P = .01).
Collectively, these findings suggest that when DF ROM exceeds a certain threshold, hip muscle strength becomes associated with the quality of movement. This implies that different subgroups may exist based on factors associated with the quality of movement. More specifically, hip strength may be more associated with the quality of movement when ankle DF ROM exceeds a minimal threshold that allows a good quality of movement on the LSD test. This finding may help explain some of the inconsistencies in previous studies regarding the association between hip muscle strength and lower extremity movement pattern. This finding also implies that clinicians may need to incorporate different treatment strategies when attempting to modify a patient's movement pattern based on findings from the physical examination. While some patients may require hip muscle strengthening, others may need to increase their ankle ROM to facilitate better quality of movement. Future investigations are warranted to establish the minimal DF ROM threshold that allows proper performance of the LSD. The present study has several limitations. First, due to the cross-sectional methodology, it is not possible to determine whether limited ankle DF ROM is the cause of lower quality of movement or its consequence. Second, our findings are limited to visual assessment of the quality of movement during the LSD test. Other factors may be associated with the quality of movement during other functional activities, or when an instrumented analysis of movement is performed. Third, our subgroup analysis based on ankle DF ROM was not preplanned. We attempted this analysis only after observing that, whereas most patients with limited ankle DF could not perform the LSD with a good pattern, some patients with relatively good DF ROM were still unable to demonstrate a good movement pattern. This subgroup analysis, which most likely lacked adequate power, will need to be validated in a prospective investigation. Fourth, the examiner performing the physical measures was not completely blinded to the quality-of-movement assessment, as he also observed and rated the LSD test to establish its interrater reliability. Finally, our sample was somewhat younger compared with other populations with PFP, 5, 9, 10, 15 and had a relatively shorter duration of symptoms. 5, 10, 15 This might have been the result of the military setting from which participants were recruited. Nevertheless, self-reported disability seemed fairly similar to that reported in other populations of individuals with PFP. 10, 15 
